Species richness and the presence of rare species are frequently cited criteria for site selection by conservationists (Prendergast et al. 1993 , Myers et al. 2000 . Local rarity may increase the likelihood that demographic and/or environmental stochasticity will wipe out populations, and a restricted spatial distribution (with individuals occurring with high or low densities) implies that populations will probably experience adverse conditions simultaneously (Gaston 1998) . However, explaining rarity is often a difficult task (Pearson et al. 1983, Magurran and Henderson 2003) , as rarity may be due to random settlement, or to random predation or emigration or immigration, or to competition, or in fact to any physical factor that influence a species' distribution (Legalle et al. 2005) . Many definitions of rarity exist (Rabinowitz 1981 , Gaston 1994 , Kunin and Gaston 1997 . At regional or watershed scales ''rare species'' (restricted range) can be considered as those species occurring at only a few sites (Cao et al. 2001) , and ''rarity'' can then be considered as the number of rare species in a given area (Lennon et al. 2004 ). Thus, if rarity per se cannot be directly explained, patterning and understanding the geographic variations of rarity remains a very important part of conservation biology (Chu et al. 2003) .
Most of our current understanding of rarity has come from studies of terrestrial plants, birds, mammals and some insects (Thomas and Mallorie 1985, Berg and Tjernberg 1996) , whereas freshwater habitats are underrepresented in published studies of rarity (Chapman 1999) . Rivers are increasingly affected by anthropogenic disturbance such as flow regulation or pollution, resulting in modifications of their physical and chemical conditions (Ward and Stanford 1979) , disruption of natural dispersal pathways (Kruk and Penczack 2003) , and, subsequently, in changes within animal communities (Dethier and Castella 2002) . In most cases, such alterations of river habitats lead to losses of taxa (Brittain and Saltveit 1989) , and spatial discontinuities in predictable downstream gradients (Ward and Stanford 1983) . For practical management frameworks, explicit schemes such as distribution patterns of rare (or threatened) species is therefore needed to identify possible conservation areas within stream systems (Park et al. 2003) . In France, for example, the Law on Water of January 1992 strengthened a governmental action plan for the delineation of natural zones of ecological, faunistic and floristic interest. The first objective of this plan was to identify areas which concentrate patrimonial values, i.e. containing rare species or endangered habitats. Similar objectives are part of the Red List indicator system proposed by the IUCN (the latter combining values concerning rarity of species with their time trends). For such purposes, several questions were asked to the scientific experts. Among these questions, two were of particular interest: 1) within a given regional system, which areas contain rare species? and 2) which environmental variables may explain spatial variations in numbers of rare species? To address these concerns, distribution patterns of rarity must be derived from environmental conditions.
The aim of our study was to assess the influence of a limited set of environmental variables (elevation, stream order, distance from source, and reach slope) on the spatial distribution patterns of rarity at the river catchment scale, for different freshwater taxa. We examined whether simple (i.e. easily mapped) environmental variables are capable of predicting where rare species exist, thus allowing for easy use of successful final models by environmental managers and policy makers concerned with preservation of rare species in rivers. We focused on fish and on four insect orders (Ephemeroptera, Plecoptera, Trichoptera and Coleoptera), these five groups being commonly considered at the species level in freshwater studies, and being particularly sensitive to the impact of human activities (Oberdorff et al. 2001, Compin and Céréghino 2003) . Specifically, we thus sought to bring out explicit models which would allow to better understand the relationships between river typology, and the distribution of rarity. To this end, general linear modelling was used to assess the influence of each environmental variable on local numbers of rare species. The results obtained for fish and insects are compared, in order to identify important areas for conservation within stream systems.
Methods

Study area
The River Garonne has its source in the Maladetta Glacier (Spain), its total length is 525 km, and it slopes from the southeast to the north-west, where it reaches the Atlantic ocean through the Gironde estuary (Fig. 1) . The mean annual discharge amounts to ca 545 m 3 s
(1 . The River Garonne stream system drains an area of ca 57 000 km 2 . Compared with other French rivers (e.g. the Seine river and the Rhô ne river), the Garonne river is less disturbed by industrial pollution. The climate of the region is influenced by oceanic processes, but this declines to the southeast where it undergoes the Mediterranean influence with dry winds and weaker pluviometry.
Data collection
Environmental variables Each sampling site (for fish or aquatic insects) was characterised with four environmental variables: elevation above sea level (m a.s.l.), distance from the source (km), stream order, and reach slope (per thousand). Their distribution is shown in Fig. 2 . These simple variables were chosen because they relate the location of sampling sites within the stream system, they are easy to describe using maps, and their use in successful final models could therefore reduce the effort and cost of data collection for river management applications.
Aquatic insects
We sampled 155 unstressed sites ranging from 10 to 2500 m a.s.l. Unstressed sites were defined as sites not subjected to anthropogenic impacts such as flow regulation, chemical pollution, or urban runoff (indexed by the French Water Agency: B/http://www.eau-adourgaronne.fr/ /, see also Compin and Céréghino 2003) . Samples were taken from 1988 to 1998. Each site was sampled at two periods during a same year, i.e. in summer and winter. All samples were taken from the various substratum types using a standard Surber sampler (sampling area 0.1 m 2 , mesh size 0.3 mm). Ephemeroptera, Plecoptera, Trichoptera, and Coleop-tera (EPTC) species were identified by professional taxonomists. We focused on these invertebrate taxa because EPTC are well-known to be sensitive to changes in ecosystem features (Resh and Jackson 1993) ; they are thus assumed to be good descriptors of the influence of spatial changes in environmental conditions. 283 EPTC species were identified, the detailed list of species was given in Céréghino et al. (2001) .
Fish
We investigated 554 least impacted or fairly unstressed sites (see above) ranging from high mountain (2500 m a.s.l.) to plain or coastal (10 m a.s.l.) areas, where we recorded the composition of fish species assemblages. These sites where evenly distributed throughout the Garonne stream system. Site-specific data for fish were collected between 1980 and 2000. All sites were sampled once by electro fishing, during low-flow periods, using standardized methods (two-pass removal sampling, De Lury 1947, Seber and Le Cren 1967) . Forty fish species were identified, among which 25 were native species (i.e. 15 exotic species). The detailed list was given in Santoul et al. (2004 Santoul et al. ( , 2005 . In this study, it should be noticed that exotic fish were not considered when selecting rare species.
Selecting rare species
The distribution of each of the 283 EPTC species in the Garonne stream system was previously studied by Céréghino et al. (2001) , who identified three spatial patterns: 1) local distribution, i.e. species occurring in a restricted geographic area, 2) longitudinal zonation, i.e. species occurring in different geographic areas, but within a characteristic altitudinal range, and 3) regional distribution, i.e. widespread species. Similar analyses recently conducted by Santoul et al. (2004 Santoul et al. ( , 2005 in our study area showed that most fish followed a longitudinal zonation pattern (as defined above), whereas few species had a local distribution. We therefore used these works to select rare species as those species having a local distribution, i.e. having a restricted range sensu Cao et al. (2001) and Lennon et al. (2004) . The detailed list of species involved in this study is given in Appendix 1.
Data analyses
The dependent variable used in our study (rare species) corresponds to count data. The analysis of this type of data is often problematic with usual ANOVA and standard regression methods due to the violation of the assumption of normally distributed errors of the dependent variable. However, General Linear Modelling (GLM) allows a more versatile analysis of correlation than standard regression methods, because the error distribution of the dependent variable and the function linking predictors to it can be adjusted to the characteristics of the data. For analysing rare species (Crawley 1993) we fitted models using a Poisson distribution and a log link function. River was included as a random factor in the model to control pseudoreplication due to the inclusion of more than one point from each river. To correct the possible effects of under-or overdispersion on statistical tests, deviances were scaled with the square root of the ratio deviance/degree of freedom (Anon. 2000) . Data were analysed with the GLIMMIX macro for SAS 8.2 (Anon. 2000) , fitting a mixed effects General Linear Model (river as a random variable and environmental variables as fixed variables). Main effects were fitted using type III tests and a stepwise backwards removal procedure was used to obtain a final model containing only significant factors.
Results
Among the 283 insect species, many species (44%) were rare. Their percentage of occurrence (number of sites where the species was recorded/number of sampled sites) was B/5%. The numbers of rare species per insect order are given in Fig. 3 . Rarity was the highest in Coleoptera (56%) and Trichoptera (59%), and the lowest in Plecoptera (16%). Ephemeroptera were intermediate, 41% of the mayfly species being rare. Among the 25 native fish species, 20% were rare (Fig. 3) , and also occurred in B/5% of the sampling sites. In subsequent analyses, we focused on local numbers of rare species.
The fish model explained 50% of the total variance in numbers of rare species, as estimated by the deviance of the final model (124.3) and that of the null model (250.7). Two typological variables were negatively correlated with local numbers of rare fish (Table 1) : distance from the source (p 0/0.01) and elevation (pB/0.0001). Conversely, stream order (p B/0.0001) was positively correlated with numbers of rare species. Finally, slope was not significantly correlated with rarity.
For the Ephemeroptera model, only distance from the source was positively correlated with the numbers of rare species (p 0/0.01). Slope, elevation and stream order were not significantly correlated with rarity of Ephemeroptera. (Table 1 ). In Plecoptera, no significant variables allowed to build a model. For Trichoptera and Coleoptera, elevation was negatively correlated (p 0/0.01 and p B/0.0001, respectively) with the number of rare species. Moreover, slope was positively correlated with rarity in Coleoptera (p0/0.04).
In summary, GLM showed that the numbers of rare stream species would tend to increase towards downstream areas within the stream system.
Discussion
Considering rarity through the number of rare species rather than in terms of species assemblages sensu stricto is likely to fit with a broader typological approach, because the resulting patterns are not expected to be region-specific (i.e. any model only referring to a regionspecific list of species is more prone to have local acceptance). Under this scope, and with the aim to address the first question of areas concentrating rare species, we provided models of longitudinal gradients in numbers of rare species. Rarity was related to the downstream location of sampling sites within the stream system: it primarily increased with distance from the source, or declined with elevation. In our study area, two recent works described the spatial distribution patterns of fish (Santoul et al. 2004 (Santoul et al. , 2005 and aquatic insects ) species richness, thus providing models which may help to highlight our own results. Céréghino et al. (2003) reported that EPTC richness peaked in the intermediate section of the downstream continuum of the Garonne stream system, i.e. at intermediate stream order (3rd and 4th) and intermediate elevations (500 Á/1200 m). Therefore, common species would create most of the spatial structure in richness patterns of EPTC. In fish, local species richness increased towards downstream areas, as a result of downstream additions of species (Santoul et al. 2004 ). Therefore, common and (to a lesser extent) rare species would both contribute to the spatial structure in richness patterns of fish.
The spatial patterns in rarity for the different study taxa were rather concordant. This pattern may result from: 1) random mechanisms, 2) biotic interactions among different taxa, 3) common environmental determinants, or 4) spatial covariance in different environmental factors that independently account for diversity variation in different taxa (Gaston 1996) . If local systems were compared, it is likely that a high degree of concordance could be generated through biotic factors (Paszkowski and Tonn 2000) . However, at broader spatial scales such as the Garonne stream system, congruent patterns of rarity between fish and aquatic insects orders are almost certainly a result of similar responses by different taxa to environmental conditions rather than to biotic interactions (Heino 2002) . Nevertheless, the comparison of the results we obtained for the various taxonomic groups allows to refine and moderate the longitudinal gradient model of rarity. Rare fish, E, P, T, and C occurred in all sampled rivers. However, Plecoptera were mostly confined to the upper mountainous sections of the stream system (see also Cayrou et al. 2000) . Their habitat range was thus lower than in other taxa, with regards to the environmental variables we considered. Consequently, if the longitudinal pattern is broadly acceptable, Plecoptera would not be relevant organisms for patterning rarity within large watersheds. The numbers of rare Coleoptera species followed a longitudinal gradient, but in addition, the significant relationship with slope suggested that local conditions (e.g. erosive forces generated through the combination of slope with other variables such as water depth and current velocity) have a greater importance when explaining rarity in this taxa. Fish rarity was negatively correlated with both distance from the source and elevation. Although these results seem contradictory, they suggest the importance of local conditions, especially when streams take their source at low elevations (i.e. in piedmont areas), and thus carry rare species at low distance from the source.
The second step of such studies, i.e. identifying the environmental variables which actually explain spatial variations in numbers of rare species remains a difficult task. Indeed, species' distribution is influenced by a large number of environmental factors, such as the geological history of the area, environmental stability (Ward and Stanford 1979) , ecosystem productivity (Lavandier and Décamps 1984) , habitat heterogeneity and suitability (Gorman and Kar 1978) , and competition and predation (Pianka 1978) . Moreover, these factors operate at several spatial and temporal scales, e.g. geologic history affects the biogeography of species at a regional scale, whereas physical characteristics of microhabitats may influence local distributions (Hastie et al. 2000) . By focusing on integrative variables (e.g. elevation, stream order), we emphasized the influence of river typology on the rarity of aquatic animals, with a marked concentration of rare species in large and high-ordered streams. This scheme remains likely to provide insights to both managers and ecologists, because the underlying local conditions which are associated to such global river typologies are well known (see e.g. the River Continuum Concept by Vannote et al. 1980) . For example, the literature supports the idea that elevation influences the distribution of stream species through water temperature (Vannote and Sweeney 1980, Newbold et al. 1994) , because temperature governs population dynamics through growth and fecundity (Gillet et al. 1995) , by acting as a physicochemical habitat filter (sensu Poff 1997) with respect to species traits such as metabolism and energetic demands. Most species in biological communities are rare (Lennon et al. 2004) , and this is true of aquatic animal communities (Marchant et al. 1999) . Rarity is sometimes omitted in ecological studies, because rare species are believed to contribute little to the interpretation of spatial and temporal patterns of biodiversity (Cao et al. 2001) , and/or because they may add noise to statistical analyses (Cayrou et al. 2000) . On the other hand, rare species are of special interest to both conservationists and environmental managers (Rey Benayas et al. 1999) , whereas areas which carry rare species may concentrate an important fraction of the regional biodiversity (this study). If end-users need geographic models (i.e. maps) to design river management frameworks, numerical patterning is needed to provide theoretical backgrounds (Whittier et al. 1988) : by predicting what the rarity should be like in a given area, we can provide explicit spatial schemes that may be useful to target further research, and to implement management options.
